Predicting the future of disruptive technological innovations is an essential task of any business leader. Looking into the future of disruptive technologies requires an epistemological stance that accommodates the inherent uncertainty and non-linearity of these technologies. Unfortunately, much of the current theoretical tradition with respect to adoption and diffusion of innovation is linear and deterministic; it does not accommodate the inherent uncertainty and non-linearity of disruptive technologies. This work in progress is an attempt to propose a philosophical base together with a practical method that would allow business professionals to glimpse into the future of disruptive technologies. This proposed approach is referred to in this paper as "the method of alternative histories". This approach is based on the philosophical ideas of Imre Lakatos, Roy Bhaskar, Bruno Latour, and Nassim Taleb.
Introduction
Predicting the future of emerging technological trends is an essential task of any business leader (Christensen et al. 2004) . Being able to foresee how a particular emerging technology might change the competitive landscape within an industry can help an organization not only to protect its competitive advantage from the potentially disruptive impact of the technology, but also use the technology to strengthen its position in the market. For example, many of the extremely successful technology companies, such as Microsoft, were founded on the vision that there soon would be a desktop computer in every home and on every worker's desk (Lowe 1998) . This vision tuned out to be correct and was probably one of the main reasons behind the unprecedented success of technology companies like Microsoft.
Failure to see how a potentially disruptive technology may evolve in the future can diminish organizational competitiveness or even jeopardize its existence. The story of Western Union and telephone is a classic case of how executive blindness to a potentially disruptive impact of an emerging technology can bring a company from a dominant position in its industry to the near extinction. In 1875, Alexander Graham Bell, an unknown inventor at that time, offered William Orton, the President of Western Union Telegraph Company, to buy a patent for his telephone invention. The asked price for the invention was $100,000 or roughly $2,000,000 in today's dollars (Carlson 1994) . William Orton, a talented engineer himself, certainly understood what telephone was and how it could be used for transmitting messages. Yet he thought that the telephone had no relevance to Western Union's business. Telephone technology, including the one demonstrated by Bell, was not reliable at that time -it could transmit voice messages only over a short distance (e.g. within city limits). Western Union's business at that time involved transmission of telegraph messages over long distances. Orton also thought that telephone, when used over their existing telegraph lines, would overload the network and lower the quality of their existing telegraph services. To make things worse, Orton discovered that Bell was a son-inlaw and business partner of Gardiner Habbard. Habbard was a prominent political figure at that time who actively called for the US government intervention in the telecommunications industry to dismantle what he perceived to be a monopoly created by Western Union. Because of all these (and many other) considerations, Orton turned down Bell's offer.
The decision made by William Orton is now used in many business texts as an example of executive shortsightedness in relation to a potentially disruptive technology (Christensen et al. 2004) . When Bell made his offer to Orton, Western Union was one of the most dominant telecommunications companies in the world. Within a few years, contrary to Orton's belief that telephone technology was not a direct substitute for telegraph, Bell's telephone invention began to cut into Western Unions' market share. In an attempt to catch up, Orton commissioned his engineers to develop Western Union's own version of the telephone technology. But the window of opportunity was gone. Today, not too many people even remember what Western Union once was.
Predicting the future is an important but also daunting task. It is especially difficult to make predictions related to the rapidly growing and every changing technological landscape (Christensen 2013) . It is relatively easy to explain why a particular technology followed a certain adoption and diffusion path in the past. It is looking into the future of a particular technology that is often problematic. Given the inherent "messiness" of the socio-technical realm (Latour 1987) , the future of any technological innovation can be hard (if not impossible) to predict with certainty. Predicting the future of technologies requires a different philosophical foundation that accommodates this inherent uncertainty and allows one to think about the future of a technology in a non-linear fashion. Unfortunately, much of the current theoretical tradition with respect to diffusion of innovation is inherently linear and does not accommodate this nondeterministic aspect of disruptive technological innovations. This work in progress is an attempt to propose a philosophical base together with a practical method that would allow to glimpse into the future of disruptive technological innovations. This new approach is referred to in this paper as "the method of alternative histories".
Sustaining and Disruptive Innovations
Numerous process theories of adoption and diffusion of technological innovations have been proposed over the last few decades (e.g. Rogers 2003; Moore 2009). The problem with the traditional diffusion of innovation process theories is that they are inherently deterministic and linear in nature. They assume that any technological innovation will go through a certain sequence of adoption phases. Another assumption is that the technology will "freeze" along the dimensions traditionally valued by existing customers and will not make any "lateral moves" (i.e. from one customer segment to another one or from one type of use to a use that was previously unforeseen). This theoretical tradition may be applicable to sustaining technological innovations -new technologies that offer incremental improvements in value propositions of existing products or services (Christensen et al. 2004) . But this theoretical approach is hardly applicable to disruptive technological innovations. Disruptive innovations often start out "weak": they tend to have low reliability and questionable value in the early stages. Because of that, it is not clear whether this technology will ever become reliable enough to be commercialized and what will be the main target market for this technology (Christensen et al. 2004 ). The adoption path of disruptive innovations is often non-linear and subject to serendipity, since disruptive technology often finds acceptance and applications in industries very far from the domain where it was created (Krotov and Junglas 2008) . Thus, thinking about the future of disruptive technologies requires a non-deterministic and a non-linear approach.
Predicting the Future as the Ultimate Proof of Knowledge
Being able to predict the future of technological trends is not only of great practical importance for entrepreneurs and business leaders, but also constitutes the ultimate proof or knowledge in professional fields, religion, and the post-positivist philosophy of science. For example, we expect experts to predict future phenomena within their area of expertise (Krotov and Silva 2005) . A doctor is expected to predict, at least with some degree of certainty, how a particular disease is likely to progress in a patient. A football coach should be able to predict the outcome of a particular match. The public expects economists to predict macroeconomic conditions not only in the nearest future but also in the long run. Stock analysts routinely predict where the stock market will go in the future to prove their understanding of the stock market.
A similar approach to evaluating truthfulness of knowledge has been used in Abrahamic religions for millennia. For example, in Christianity, predictions in relation to Messiah (a savior or liberator sent by God) found in the Old Testament and later fulfilled by the life of Jesus Christ are used as one of the most important proofs of the legitimacy and knowledge of God's will of the prophets of the Old Testament. Jesus Christ's own predictions in relation to his crucifixion and resurrection are also used as important proofs of the legitimacy of Jesus Christ as a son of God and God's most important messenger.
Despite the fact that science often tries to distant itself from business practice and religion, the same scholastic approach is used by some of the modern philosophers of science to delineate science from pseudo-science. In his work, Imre Lakatos, one of the most well-known post-positivist philosophers of science, attempts to formulate a demarcation principle that would distinguish science from pseudoscience (Lakatos 1995) . Lakatos rejects authority, one of the oldest forms of supporting validity of knowledge, on the grounds that history is full of examples of seemingly authoritative people and organizations not only rejecting what later turned out to be a fact proven beyond any doubt (e.g. the fact that the Earth rotates around the Sun), but also actively prosecuting those who they believed were spreading false knowledge. Although a student of Karl Popper, Lakatos finds Popper's (1965) falsification principles to be "naïve" as well, as it can lead to a seemingly absurd situation where the probability of all scientific theories is zero. Thomas Kuhn's (2012) pragmatic approach to science, where a theory constitutes scientific knowledge when a sufficient number of scientists believe in it, does not satisfy Lakatos either, as this may equate science with witchcraft and various esoteric practices. Many of these practices are often quite elaborate, rigorous, and well-documented in specialized literature. After rejecting some of the most popular approaches to distinguishing science from pseudo-science, Lakatos formulated his own demarcation principle. According to Lakatos (1973) , it is the ability to predict stunning new facts that distinguishes science from pseudo-science (Lakatos 1973) :
But all the research programmes I admire have one characteristic in common. They all predict novel facts, facts which had been either undreamt of, or have indeed been contradicted by previous or rival programmes. […] Halley, working in Newton's programme, calculated on the basis of observing a brief stretch of a comet's path that it would return in seventy-two years' time; he calculated to the minute when it would be seen again at a well-defined point of the sky. This was incredible. But seventy-two years later, [when both Newton and Halley were long dead,] Halley's comet returned exactly as Halley predicted.
Thus, being able to address the problem of predictability of future technological trends is not just of a great practical value, but also a way to strengthen the position of a theoretical tradition as "scientific" and producing "true knowledge".
The Philosophical Underpinnings of the Method of Alternative Histories
Lakatos' demarcation principle (science, unlike pseudo-science, can predict new facts with astonishing precision) may be somewhat unrealistic when applied to the inherently messy and unpredictable social realm. Unlike physicists, who often seek to develop nearly hundred percent deterministic models and theories, social scientists seek to discover social tendencies that are probabilistic in nature (Bhaskar 2008) . According to Roy Bhaskar (2008) , modern social sciences cannot fully adhere to the empirical, experimental nature of positivism. While social scientists can formulate theories that resemble "natural laws" under the positivist tradition, these theories may not be verifiable using the experimental activities used in natural sciences. The problem is that various combinations of events may intervene with the exact sequence of events needed to prove a particular social theory in a positivist sense. Thus, social theories may or may not materialize in the real world. Therefore, no matter how much a particular person knows about the world of business or the broader socio-technical environment, this knowledge can only lead to a future possibility and not an absolute certainty. Thus, all social theories are probabilistic in nature.
So what can be done given this inherent uncertainty of the social realm? One approach has been proposed by Nassim Taleb, an influential modern author, investor, and a philosopher of science. In his book Fooled by Randomness, Taleb discusses what can be used as a philosophical foundation for a practical method for thinking about the future of disruptive technologies. This method is allegorically delivered through what seems to be a semi-fictional image of Taleb's own boss during his days as a trader in New York (who Taleb refers to as "Frenchman in New York") (Taleb 2004, pp.32-33 This approach to thinking about future possibilities proposed by Taleb (2004) , allows for non-linear, nondeterministic thinking. Instead of trying to imagine one linear scenario of how a particular technology may evolve, one should envision the entire socio-technical network within which a particular technological trend is embedded (Latour 2005 ). This network is comprised of a complex web of human and non-human actors: individuals, organizations, material objects, processes, concepts, and many other relevant factors and social forces that shape how technology is developed and used within the society (Latour 2005) . Then one should think about various possibilities of all these diverse actors coming into interaction with each other. These possibilities are quite numerous. So the goal of this line of thinking is not to determine which particular scenario is more probable, but rather to envision these scenarios and analyze the impact of these scenarios on an organization.
The Method of Alternative Histories
Drawing on the ideas of Imre Lakatos, Roy Bhaskar, Bruno Latour, and Nassim Taleb, this paper proposes a method for brainstorming about the future of disruptive technological innovations -the so-called "method of alternative histories". The essence of this method is as follows. A group session should be scheduled for the purposes of brainstorming about the future of a potentially disruptive technology. The group should be comprised of participants with diverse educational and professional backgrounds and should be headed by a facilitator. The session itself should be organized as follows. First, the facilitator should make the participants comfortable with the fact that predicting future of a technology is challenging and, in some circumstances, hardly possible. Thus, the goal of the exercise is to generate future possibilities and not to predict which of these possibilities will actually materialize. So no possibility should be ruled out. Second, the groups should envision the socio-technical network comprised of material actors and non-material concepts surrounding a particular technological trend (Latour 2005) . The facilitator should ask the group what are the things or concepts that come to their mind when they think about a particular technology. Each idea should be captured with the help of a Post-it note. Each note can then be attached to a board in front of the audience. Third, an individual or a group participating in the exercise should brainstorm about future possibilities in relation to a potentially disruptive technology by "connecting the dots" among the material and non-material actors listed. One should ask: How can these actors possibly interact with each other and how will these interactions influence the adoption and diffusion of the technology in question? Each possibility (or "alternative history") generated in this way should be discussed from the perspective of its potential impact on an organization or industry of interest. One should ask the following questions: are we as an organization prepared for this particular scenario? What are the opportunities or threats if this particular scenario materializes? At any time during this brainstorming exercise, a facilitator should encourage the participants to bring in the so-called "black swans" -highly unlikely and often unimaginable events that, nevertheless, might occur and may have a profound impact on how a particular phenomenon evolves (Taleb 2008) . The practical goal accomplished with the session is the general awareness of the group about various possibilities associated with a potential disruptive technology.
Conclusion
Disruptive technologies are often surrounded by uncertainty and their adoption path is often non-linear and full of "punctuated change". This is what makes disruptive technologies so dangerous to existing industries and organizations. Analyzing disruptive technologies requires a philosophical stance and a practical method that is aligned with the nature of disruptive technologies. The method of alternative histories outlined in the paper is an attempt to offer a practical approach for analyzing disruptive technologies. This method is based on the philosophical stance that predicting future developments in the socio-technical realm with positivist-like precision is often impossible. Instead, an organization can prepare itself for the future by brainstorming about various future possibilities in relation to a potentially disruptive technology. These future possibilities are generated by various direct and complex, indirect interactions among the human and non-human actors comprising the socio-technical network surrounding a potentially disruptive technology. Thus, this method allows for a non-linear and nondeterministic thinking in relation to disruptive technologies. This makes the "method of alternative histories" better aligned with the nature of disruptive innovations.
